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POWER UP RESET CIRCUIT FOR LINE POWERED CIRCUIT 

Reference to Related Applications : 

This application is also related to and incorporates by reference the commonly 

assigned U.S. patent application serial number , for "Micropower, 

Minimal Area DC Sensing Power-Up Reset Circuit" (attorney docket number Fischer 17- 
1), filed the same day herewith. 

Field of the Invention : 

This invention relates to apparatus and methods for effectively powering up an 
electronic circuit using telephone line power. Particularly, the invention concerns 
apparatus and methods for powering up a data access arrangement using telephone line 
power. 

Background of the Invention : 

A data access arrangement (DAA) provides an interface between a telephone line 
and an electronic device that connects to the telephone line. A telephone line to a 
residence or business can have a common mode voltage in excess of 100V, while most 
electronic circuit devices typically can not operate at voltages exceeding 5 volts. 
Accordingly, in order to prevent damage to the telephone network, the DAA must isolate 
high voltages on the telephone line from any standard electronic device connected to the 
telephone line. Standard electronic devices are typically powered from the main line, e.g. 
from wall-mounted A.C. outlets. The data access arrangement, in addition to high 
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voltage isolation, must also transmit and receive electrical communication signals 
between the central office and the electronic device connected to the telephone line. 

A DAA can be constructed using a transformer that operates as a band pass filter 
and that isolates the electronic device from the telephone line. Alternative DAA 
solutions use active circuits to isolate the main line powered electronic device from the 
telephone line. Moreover, those DAAs having active circuits can be powered from main 
line power or the DAA can be powered from the telephone line itself. Powering a DAA 
from the telephone line, instead of the main line, would be advantageous because it 
would reduce the total power requirements of the DAA. In the past, however, DAAs 
powered from the telephone line have proved problematic. 

One problem with powering a DAA by telephone line power is that, after 
connecting to the telephone line, the DAA must enter a predictable state and it must be 
ready to transmit and receive when the DAA is connected to certain devices, such as a 
modem. Secondly, the DC current drain of a line-powered DAA is strictly limited by 
national and international specifications. For example, telephone line operators typically 
specify the amount of DC current which can be drawn from their telephone lines during 
an on-hook state. If a DAA exceeds the national and international specifications, the 
DAA can not be legally connected to a telephone line. These limitations on current draw 
have typically prevented telephone line powered DAAs. 

Furthermore, telephone line powered electronic circuits, in general, can suffer 
from a lockup condition if the electronic circuit is powered up by the telephone line 
improperly. In particular, the digital logic in the telephone line powered electronic circuit 
can appear as a variable resistor that depends upon the voltage across the telephone line. 
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The variable resistor of the digital logic can appear as a short to the telephone line power, 
thereby preventing the line powered electronic circuit from being powered at acceptable 
voltage levels. As a result of being improperly powered, the digital logic enters a lockup 
condition and the telephone line powered electronic circuit fails to operate properly. 

Accordingly, there is a need for an apparatus and method that effectively 
energizes an electronic circuit, such as a DAA, with telephone line power. 

Summary of the Invention t 

An electronic circuit can be powered up by a telephone line without causing 
lockup, according to the invention, by detecting the voltage across the telephone line and 
by applying telephone line power to the electronic circuit based on a characteristic of the 
detected voltage. 

Another embodiment of the invention provides for an apparatus that powers the 
electronic circuit with telephone line power. The apparatus includes a voltage detector 
and a switch. The voltage detector measures the voltage across the telephone line and 
generates a signal based on a characteristic of the measured voltage. The switch then 
applies telephone line power to the electronic circuit in response to the signal generated 
by the voltage detector. 

Brief Description of the Drawings : 

The features and advantages of the invention will be apparent from the following 
description, as illustrated in the accompanying Figures in which like reference characters 
refer to the same elements throughout the different views: 
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FIG. 1 is a schematic of an apparatus for powering an electronic circuit with 
telephone line power, in accordance with the invention; 

FIG. 2 is a shows an alternative embodiment of the apparatus of FIG. 1; 

FIG. 3 schematically illustrates additional features in the apparatus of FIG. 2; and 

FIG 4 shows an exemplary voltage detector circuit of the apparatus of FIG. 1 . 

Detailed Description : 

FIG. 1 schematically shows an apparatus 10 for powering an electronic circuit 18 
with telephone line power received from a central office 16, in accordance with the 
invention. The apparatus 10 includes a voltage detector 12 that measures the voltage 
across the telephone line, and a switch 14. The voltage detector 12 also generates a Reset 
signal based on a characteristic of the measured voltage. The switch 14 applies telephone 
line power to the electronic circuit 18 in response to the Reset signal from the voltage 
detector 12. 

The voltage detector 12 generates the Reset signal based on characteristics of the 
measured voltage, such as the actual voltage level or the rate of change of the voltage 
level over time. In one embodiment of the invention, the voltage detector 12 generates a 
Reset signal when the measured voltage exceeds a selected voltage level. In an 
alternative embodiments of the invention, the voltage detector 12 can generate a Reset 
signal based upon the rate at which the voltage is rising over time. 

The apparatus 10 overcomes problems typically associated with telephone line 
powered electronic circuits. For example, it is known that line powered circuits require a 
high impedance on-hook termination resistor Rl to be placed between the high voltages 
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from the central office and the electronic circuit. The high impedance resistor Rl limits 
current draw from the central office 16 in order to comply with international and national 
standards on current drain during off-hook and on-hook states. The inventors discovered, 
however, that the resistance of the electronic circuit 18 can vary as a function of the 
telephone line voltage if the electronic circuit includes digital logic. The dynamic 
resistance of the electronic circuit 18 and the high impedance resistor Rl form a voltage 
divider during power up of the electronic circuit 18. The combined dynamic resistance of 
the on-hook electronic circuit 18 and the on-hook termination resistor Rl can prevent the 
voltage Vdd, at the input to circuit 18, from reaching its proper value. 

If the voltage Vdd fails to reach a minimum voltage level (typically 1 .4 volts), 
then the CMOS logic in electronic circuit 18 can enter a lockup state which drains current 
through the electronic circuit. The current drain through circuit 18 is disastrous for line 
powered circuitry because it causes the circuit 18 to operate improperly, and the current 
drain fails international and national standards. 

The invention, as illustrated in FIG. 1, overcomes the obstacles created by the 
dynamic resistance of the electronic circuit 18 and the termination resistor Rl, by only 
connecting the electronic circuit 18 to the telephone line power after the voltage level 
from the central office 16 is high enough for proper operation of the on-hook electronic 
circuit 18. 

In particular, the voltage detector 12 controls the switch 14. The rising trip point 
of the voltage detector 12 is set to a point to insure that Vdd is high enough for proper 
operation of the on-hook electronic circuit 18. When the voltage detector 12 trips, the 
Reset signal turns on the switch 14 and provides telephone line power to the electronic 
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circuit 18 at a voltage level that ensures proper operation of the on-hook electronic 
circuit. 

In one aspect of the invention, the apparatus 10 can be used in a line powered 
Data Access Arrangement (DAA) intended for international voiceband modems. In this 
aspect of the invention, the electronic circuit 18 is formed of sections of the DAA, such 
as the Analog to Digital converter, the Digital to Analog Converter, the caller ID 
functionality, and other features. At least one section of the electronic circuit 18 typically 
includes a CMOS electronic circuit. In operation, the voiceband modem begins in an on- 
hook state and telephone line power is used to energize and initialize sections of the 
modem once the telephone line power exceeds a selected voltage level. When a data 
connection is to be made, the DAA enters an off-hook state. The total cost of the 
voiceband modem is advantageously reduced by powering as much of the DAA as 
possible from the phone line. 

In general, the apparatus 10 of FIG. 1 powers the electronic circuit 18 with 
telephone line power from a central office 16 by first detecting the voltage across the 
telephone line and by then applying telephone line power to the electronic circuit 18 
when the detected voltage exceeds a selected voltage level. 

FIG. 2 schematically shows an alternative embodiment comprising the apparatus 
of FIG. 1 modified to have a Reset signal operably coupling the voltage detector 12 with 
the electronic circuit 18. In particular, the Reset signal from the voltage detector 12 is 
output to the switch 14 and to the electronic circuit 18. The Reset signal is used to gate 
the logic of the on-hook electronic circuit 18. Gating the logic of the electronic circuit 18 
helps insure that the resistance of the electronic circuit 18 is very high impedance during 
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power up. By insuring high impedance of the electronic circuit 18, a lockup state in the 
electronic circuit can be prevented during power up. 

In particular, the voltage detector 12 outputs the Reset signal to the switch 14 and 
to the electronic circuit 18. The Reset signal remains in a first state while the input 
voltage to detector 12 can not enough to ensure proper operation of the digital logic 
circuits in the electronic circuit 18. The Reset signal enters a second state when the input 
voltage to detector 12 is high enough to ensure proper operation of the digital logic 
circuits in the electronic circuit 18. In the first state of the Reset signal, the switch 14 is 
turned off while the electronic circuit is placed in a reset state. That is, the logic of the 
electronic circuit is gated to ensure a high impedance state. In the second state of the 
Reset signal, the switch 14 is turned on and the electronic circuit 18 is taken out of a reset 
state and enters an active state. 

The input voltage to detector 12 is considered high enough to ensure proper 
operation on the digital logic circuits in the electronic circuit 18 when it exceeds the 
absolute value of one PMOS threshold voltage (i.e. "Vthp") plus one NMOS threshold 
voltage (i.e. "Vthn"). The values for Vthp and Vthn are known to vary based upon the 
process used in fabricating the digital logic in the electronic circuit 18 and based upon 
environmental conditions experienced by the electronic circuit 18 during operation. 
When the input to voltage detector 12 is at least 200 mV above Vthp + Vthn, defined as 
the "trip point" for the voltage detector 12, the Reset signal from detector 12 changes 
from the first state to the second state. 

To avoid potential system oscillations upon power up and to increase the voltage 
detector's noise immunity there is preferably hysteresis between the rising and falling trip 
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points. For example, the hysteresis between the rising and falling trip point for the 
voltage detector 12 can be designed to be at least 300 mV. Finally, according to one 
embodiment, the voltage detector consumes less than luA DC current, which is necessary 
to help meet the on-hook (or low power) mode current budget specified by the telephone 
operators. 

FIG. 3 schematically illustrates other features of the apparatus 10 for powering 
the electronic circuit 18 with telephone line power 16. The line power from the central 
office is conditioned by an on-hook termination resistor Rl and a zener diode Zl before 
entering the apparatus 10. The apparatus 10 includes a voltage detector 12, a switch 14, 
and a delay element 20 operably coupled between the detector 12 and the circuit 18, and 
an electronic charge storage device CI. 

The voltage detector 12 measures the voltage across the telephone line and 
changes the state of the Reset signal when the measured voltage across the telephone line 
exceeds a selected voltage. The switch 14 applies telephone line power to the electronic 
circuit 18 in response to the Reset signal state from the voltage detector 12. The delay 
element 20 delays application of the change in the state of the Reset signal to the 
electronic circuit 18, such that the digital logic in the circuit 18 is removed from its reset 
state after the switch 14 is activated. In particular, the delay element 20 typically keeps 
circuit 18 in a reset mode for approximately 100ns after switch 14 closes. This causes the 
logic in circuit 18 to be in a high-impedance state when powered-up. The charge storage 
device CI, such as a capacitor, accumulates and dissipates electronic charge across the 
electronic circuit 18. 
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When Vdd is less than the trip point of the voltage detector 12, the Reset signal 
remains in the first state. While the Reset signal remains in the first state, switch 14 is 
open and charge storage device CI accumulates charge. Once Vdd exceeds the trip point 
of the voltage detector 12, the Reset signal changes to the second state wherein switch 14 
is closed and the reset signal to the circuit 1 8 is turned off after a time delay, thereby 
enabling electronic circuit 18. The closing of the switch 14 allows the charge storage 
device CI to help supply an inrush current used by circuit 18 to bring Vddm up to Vdd. 
Dissipating the charge from CI aids in keeping Vdd above a voltage level sufficient to 
prevent lockup as the electronic circuit 18 powers up. CI provides a low impedance 
charge source to quickly force the voltage across circuit 18 above the critical supply 
voltage when switch 14 closes. 

The delay element 20 maintains application of the Reset signal to the electronic 
circuit 18 for a time of approximately 100 nano-seconds after the switch 14 is closed. 
The delayed Reset signal to the electronic circuit 18 gates the logic of the on-hook 
electronic circuit to insure that the resistance of the electronic circuit 18 is very high 
impedance during power up. The combined action of the high impedance state of the 
electronic circuit 18 and the charge supplied by the storage device CI help to prevent a 
lockup state from occurring in the electronic circuit 18. 

FIG. 4 shows an exemplary voltage detector circuit 12. The voltage detector 
circuit generates a Reset signal in response to the voltage difference between Vdd and 
Vss. Preferably, the DC current drain through the detector 12 is less than 1 micro-amp. 
The illustrated voltage detector circuit 12 is a DC sensing power-up reset circuit. 
Alternative embodiments and further details of the DC sensing power-up reset circuit are 
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disclosed in the commonly-owned, U.S. Patent Application No. , 

entitled "Micropower, Minimal Area DC Sensing Power-Up Reset Circuit", filed on the 
same day herewith (attorney docket number Fischer 17-1), which is incorporated by 
reference herein. 

As shown in FIG. 4, the exemplary voltage detector includes switches Ml and 
M2, inverters II, 12 and 13, and a high impedance resistor R2. The switch Ml and the 
resistor R2 are placed in series between Vdd and Vss. The gate of switch Ml is coupled 
to the source of switch Ml. Switch M2 is connected in parallel across switch Ml. The 
sources of switches Ml and M2 are coupled to the input of inverter II. The output of 
inverter II is connected to the input of inverter 12 and the gate of switch M2. The output 
of inverter 12 is connected to the input of inverter 13. The Reset signal is generated at the 
output of Inverter 13. The use of a single resistor R2 limits the DC current in the only DC 
current path to less than 1 micro-amp. 

In operation, until Vdd is high enough to turn on switch Ml, resistor R2 pulls the 
input of inverter II to logic low. The choice of connecting the input of II to Vss 
guarantees that the output of inverter 12 is low and inverter 13 is high, which in turn 
guarantees that switch 14 of FIG. 1 is turned off prior to the voltage Vdd reaching the trip 
point of voltage detector 12. Accordingly, when Vdd is less than the trip point of voltage 
detector 12, switch 14 is off and the electronic device 18 receives no power from the 
telephone line. This helps to prevent a low voltage lockup state in the electronic device 
18. 

Once Vdd reaches the trip point of the voltage detector 12, switch Ml turns on 
and the input to inverter II rises to a voltage greater than II 's trip point. At this point in 
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time, the output of inverter II goes low and turns on switch M2, which pulls the input to 
inverter II close to Vdd. This in turn, forces the output of inverters 12 and 13 change state 
and turn on switch 14 of FIG. 1, and to turn off the Reset signal to the electronic circuit 
18. Turning on switch 14 powers the electronic device with the telephone line power. 
Turning off the Reset signal to the circuit 18 enables the normal mode of operation of the 
logic circuits within the circuit 18. The Reset signal to the electronic circuit 18 is 
typically maintained for approximately 100 nano-seconds by the delay block 20 
following the closing of the switch 14 in order to allow the circuits to reset while the 
power to circuit 18 (i.e. VDDM) stabilizes. 

While the invention has been shown and described having reference to specific 
preferred embodiments, those skilled in the art will recognize that variation in form and 
detail may be made without departing from the spirit and scope of the invention. Thus, 
specific details of the disclosure herein are not intended to be necessary limitations on the 
scope of the invention other than as required by the prior art. 
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I Claim: 

1 . ) A method of powering an electronic circuit with a telephone line, comprising: 

detecting the voltage across the telephone line, and 
applying telephone line power to the electronic circuit based on a 
characteristic of the detected voltage. 

2. ) The method according to claim 1, further comprising the step of applying 

telephone line power to the electronic circuit when the detected voltage exceeds a 
selected voltage level. 

3. ) The method according to claim 1, wherein the voltage across the telephone line is 

detected while the telephone line is in an on-hook state. 

4. ) The method according to claim 1, wherein the voltage across the telephone line is 

detected while limiting the dc current drain from the telephone line to < 1.0 
microamps. 

5. ) The method according to claim 2, wherein the step of applying telephone line 

power further includes the step of applying telephone line power when the 
detected voltage exceeds the voltage necessary for proper operation of a digital 
logic circuit in the electronic circuit. 
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6. ) The method according to claim 5, wherein the step of applying telephone line 

power further includes the step of applying line power when the detected voltage 
exceeds the absolute value of one P-channel threshold voltage plus one N-channel 
threshold voltage in the electronic circuit. 

7. ) The method according to claim 1, further comprising the step of applying a reset 

signal to the electronic circuit. 

8. ) The method according to claim 7, further comprising the step of turning-off the 

reset signal to the electronic circuit after the step of applying telephone line power 
to the electronic circuit. 

9. ) The method according to claim 1, further comprising the step of entering an active 

state in the electronic circuit when the telephone line activates, after the step of 
applying line power to the electronic circuit. 

10. ) The method according to claim 1, further comprising the step of storing up charge 

from the telephone line prior to the step of applying telephone line power to the 
electronic circuit. 

11. ) The method according to claim 10, further comprising the step of dissipating the 

stored up charge across the electronic circuit when the detected voltage exceeds a 
selected voltage level. 
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1 12.) A method of powering a data access arrangement with a telephone line, the data 

2 access arrangement having a CMOS electronic circuit, the method comprising: 

3 applying a reset signal to the data access arrangement, 

4 detecting the voltage across the telephone line while the telephone line is 

5 in an on-hook state, 

6 powering the data access arrangement with telephone line power when the 

7 detected voltage exceeds a voltage necessary to properly operate the CMOS 

8 electronic device, and 

9 turning-off the reset signal to the electronic circuit after powering the data 

10 access arrangement. 

1 13.) An apparatus for powering an electronic circuit with telephone line power, the 

2 apparatus comprising: 

3 a voltage detector that measures the voltage across the telephone line and 

4 that generates a Reset signal based on a characteristic of the measured voltage, 

5 and 

6 a switch, operably coupled with the voltage detector, for applying 

7 telephone line power to the electronic circuit in response to the generated Reset 

8 signal. 

1 14.) The apparatus according to claim 13, wherein the voltage detector includes 

2 circuitry for generating the Reset signal when the measured voltage exceeds a 

3 selected voltage. 
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1 15.) The apparatus according to claim 13, wherein the voltage detector further includes 

2 circuitry for limiting the dc current drain from the telephone line through the 

3 voltage detector to < 1 .0 microamps. 

1 16.) The apparatus according to claim 13, wherein the apparatus further includes a 

2 signal path for operably coupling the Reset signal from the voltage detector to the 

3 electronic circuit. 

1 17.) The apparatus according to claim 14, wherein the voltage detector further includes 

2 circuitry for resetting the electronic circuit until the measured voltage exceeds the 

3 voltage necessary to properly operate digital logic in the electronic circuit. 

1 18.) The apparatus according to claim 17, wherein the voltage detector further includes 

2 circuitry for enabling the electronic circuit after the measured voltage exceeds the 

3 absolute value of one P-channel threshold voltage plus one N-channel threshold 

4 voltage in the electronic circuit. 

1 19.) The apparatus according to claim 13, further comprising a electronic charge 

2 storage device operably coupled to the switch, such that the storage device 

3 accumulates electronic charge when the telephone line power is disconnected 

4 from the electronic circuit and such that the storage device provides electronic 

5 charge when the telephone line power is applied to the electronic circuit. 
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1 20.) The apparatus according to claim 13, further comprising a high impedance 

2 resistor connected in series with the electronic circuit for limiting the voltage 

3 applied across the electronic circuit. 

1 21 .) The apparatus according to claim 16, further including a time delay element 

2 coupled along the signal path between the voltage detector and the electronic 

3 circuit, such that the delay element delays application of the Reset signal at the 

4 electronic circuit. 
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ABSTRACT 

A system for powering up an electronic circuit with telephone line power such 
that the electronic circuit does not enter a lockup state. The system includes a voltage 
detector that measures the voltage across the telephone line and a switch coupled with the 
voltage detector. The voltage detector generates a Reset signal when the measured 
voltage exceeds a selected voltage level, and the switch applies power to the electronic 
circuit in response to the generated Reset signal. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my 
name. 

I believe I am an original, first and joint inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled Power Up Reset 
Circuit For Line Powered Circuit the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by an amendment, if any, 
specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 119 of 
any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing 
date before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United 
States application(s) listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, 112, 1 acknowledge the 
duty to disclose all information known to me to be material to patentability as defined in 
Title 37, Code of Federal Regulations, 1.56 which became available between the filing 
date of the prior application and the national or PCT international filing date of this 
application: 

None 


I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 

I hereby appoint the following attorney(s) with full power of substitution and 
revocation, to prosecute said application, to make alterations and amendments therein, to 
receive the patent, and to transact all business in the Patent and Trademark Office 
connected therewith: 
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